A protein of Mr 26,000 which was present in large quantities in extracts of cells of Helicobacter pyloni was purified to homogeneity by ammonium sulfate precipitation followed by gel filtration and reversed-phase chromatography or anion-exchange chromatography. The protein appeared to be associated with the soluble fraction of the cell, and antibodies raised against the protein were reactive with whole-cell lysates of a variety of H. pylori strains in a simple immunodot blot assay. This reaction was species specific. Protein sequence determination of the amino terminus and internal cyanogen bromide fragments and amino acid composition analysis were performed. An oligonucleotide derived from these data was used to clone a fragment encoding most of the coding sequence. Expression in Escherichia coli was dependent on vector promoters. The DNA sequence of the fragment was determined. DNA probes derived from the cloned fragment hybridized to genomic DNA of all H. pylon strains tested, but not to DNAs of Helicobacter mustelae, Wolinella succinogenes, various Campylobacter species, and a panel of gram-negative enteric bacteria. The apparent uniqueness of this protein may be exploited for the development of species-specific diagnostics for this gastric pathogen.
Helicobacter (Campylobacter) pylori (11) is a curved or spiral gram-negative microaerophilic bacterium which was first isolated from a human gastric biopsy specimen in 1983 (46) . Since this first isolation, it has become apparent that this organism may be one of the most common bacterial pathogens of humans. Epidemiological evidence has shown that H. pylori colonizes the upper gastrointestinal tract of more than one in two individuals during their lifespan; in many of these persons, the organism is associated with disease of the gastrointestinal tract (12, 13, 22) . Indeed, H. pylori appears to be causally associated with active and chronic gastritis as well as with peptic and duodenal ulcers (4, 5, 7, 12, 22) and may also be associated with carcinoma of the stomach (17, 21) . Additional evidence for the pathogenic activity of H. pylori has been provided by studies with gnotobiotic and barrier-born pigs (18, 20) and studies with two human volunteers (29, 35) .
Because of the clinical importance of this pathogen and the large number of laboratory identifications being routinely undertaken around the world on a daily basis, there is a need for the development of rapid diagnostic test protocols. Liberation of 14C from labeled urea by the potent bacterial urease is reliable for detection of an active H. pylori infection (30, 33) but has disadvantages in cost, time, and exposure to undesirable radiation. Cell extracts or purified cell-surface components have been evaluated as antigens in the development of serological tests for infection (9, 36) . DNA-based approaches have included restriction endonuclease analysis for typing (28, 42) and the development of specific probes (6, 34) . We Immunodot blotting. Dot blotting was performed by transferring 10 ,ug of whole-cell lysate of each strain to be tested to NCP. After the NCP was dried at 37°C for 1 h, it was blocked with GTS, treated with antiserum, washed, and developed by the procedure described for Western blotting.
Cell fractionation. Glycine extraction of 48-h Helicobacter cells was performed by the method of McCoy et al. (31) . The periplasmic fraction was prepared by the osmotic shock procedure of Willis et al. (47); cell envelopes and membranes were prepared by differential centrifugation as previously described (25) . To prepare the cytoplasmic fraction, cell suspensions were passed through a French press at 16,000 lb/in2, and intact cells were removed by two centrifugations at 3,000 x g for 30 min. The cell envelope was removed by centrifugation at 43,000 x g for 30 min, and the supernatant used as the cytoplasmic fraction. The outer membrane fraction was isolated from cell envelopes by the sodium lauryl sarcosinate procedure of Filip et al. (10) . Cell cultures were also treated with trypsin and trypsin inhibitor as previously described (25) .
Slide agglutination. (Table 3 ). The N-terminal sequence analysis of the intact protein and CNBr peptides provided sequence information on 113 amino acids (47% of the total sequence of the protein).
Immunochemical analysis. The Mr-26,000 protein was a good immunogen in rabbits. Western blotting of whole-cell lysates and glycine extracts of eight H. pylori isolates from diverse geographic sources and with different phenotypic characteristics with antisera to the purified Mr-26,000 protein of strain 915 showed that an antigenically cross-reactive protein of approximate subunit Mr 26,000 was present in all H. pylori strains tested (Fig. 3) . This was confirmed by immunodot blot analysis (Fig. 4) the strains of H. mustelae, C. cinaedi, C. fennelliae, W. succinogenes, C. fetus, C. jejuni, C. coli, C. laridis, E. coli, Salmonella enteritidis, Salmonella illinois, and Shigella flexneri tested (Table 1) .
Localization. The Mr-26,000 protein of H. pylori 915 was readily removed from the cells after relatively mild treatment by either eluting in buffer of low pH or by adding detergent, suggesting that the protein might be located on the cell surface. Although the purified Mr-26,000 protein was susceptible to treatment with trypsin, the protein was not removed from the cells by trypsin. Moreover, monospecific antiserum failed to agglutinate cells of the homologous strain, and indirect fluorescent antibody testing and immunogold electron microscopy with this antiserum failed to reveal antibody binding to the cell surface, indicating that the protein was not surface exposed. Cell fractionation experiments showed that the protein could be best recovered from the cytosol (Fig. 2) . (Fig. 3) , and the product comigrated with the polypeptide produced by H. pylori under the gel conditions shown.
DNA sequence determination. Ordered sets of deletions entering the cloned H. pylori DNA from both extremities were generated by exonuclease BAL 31 and recloned into a pUC vector cut with appropriate restriction enzymes, allowing both strands to be sequenced. Sequenase was routinely used for sequencing reactions, and Taq polymerase was employed when local secondary structure in particular clones caused problems.
A single long open reading frame composed of 225 codons was found in the cloned fragment (Fig. 5) . The aminoterminal residue identified by sequencing of the protein occurs at position 28 in the translated sequence. This coding sequence was still open at the 3' end of the anticoding strand, and it was apparent that the coding sequence had been truncated at the Hindlll site used for cloning. The possibility of an in-frame fusion with sequences flanking the pK18 multiple cloning site would mean the addition of 45 amino acid residues to the H. pylori protein expressed in E. coli. Such a chimeric protein would have an Mr of 27,100.
The TGAAA-18-TAAAAT motif beginning at residue 88 resembles closely the consensus sequences for known promoters of E. coli (15) , and the spacing of 18 residues is within the known limits for function. The and definitive promoter mapping will investigate the unlikely possibility that mRNA is transcribed from this point in E. coli but not translated. It is also noteworthy that the protein produced in E. coli comigrated with that purified from H. pylori, when the size of the protein predicted from the DNA sequence is only Mr 22,000. We are presently purifying the protein from E. coli lysates to determine whether the 27-residue hydrophobic leader is retained in this host, which would yield a polypeptide of Mr 25, 400 . This is a possible explanation for the observed behavior in electrophoresis.
Probes derived from the structural gene for the Mr-26,000 polypeptide hybridized to all H. pylori strains tested so far. Genomic DNA samples from many of these have striking restriction fragment length polymorphisms readily visible directly from the gels (data not shown), in accordance with a previous report of considerable subspecies variation (28 None of the other bacterial species tested was detected with these probes. It has been shown previously that the most closely related species are W. succinogenes, C. fennelliae, and C. cinaedi and that the true campylobacters are genetically more distantly related (40, 44 
